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Abstract. A prospective longitudinal study in 75 growing cats was conducted to eval­
uate palatal soft-tissue expansion in cleft lip and palate surgery. In 31 cats, palatal 
scars were induced by simulated Langenbeck surgery at the age of 8 weeks. At the 
age of 14 weeks» custom-made tissue expanders were inserted in 61 animals. Tissue 
expansion was performed by weekly inflation in 33 cats (16 without and 17 with 
scars) for an 8-week period. The remaining 28 cats (14 without and 14 with scars) 
served as sham groups. A control group was formed by 14 animals (without scars 
and without tissue expander). The effects of the experimental interventions were 
evaluated on a series of dental casts during the inflation period and until 8 weeks af­
ter removal of the tissue expander. The results indicate that soft-tissue expansion of 
the palatal mucoperiosteum is feasible. Until 20 weeks of age, no differences were 
found between both expansion and sham groups. Thereafter, significant soft-tissue 
suiface-area gain was quantified in relation to the base surface and base diameter of 
the tissue expander. Iatrogenic side-effects of active tissue expansion consisted of 
significant transversal growth retardation in the anterior part of the bony palate and 
dentoalveolar structures. After removal of the tissue expanders, some accelerated 
growth in the tissue-expansion, sc aired-tissue group was seen. It is concluded that 
palatal soft-tissue expansion is possible in growing cats, with and without the pres­
ence of palatal scars; however, this technique, like other kinds of palatal surgery, im­
pairs dentomaxillary growth and development.
Traditional techniques for correction of 
palatal defects and oronasal communi­
cations in cleft lip-palate-alveolus 
(CLP) patients have been summarized 
by M i l l a r d 26. Various locoregional 
pedicled flaps are currently used, such 
as tadpole flaps43, various lingual 
flaps9,18,3°, buccal musculomucosal 
Haps29, buccal fat pad flaps13,41, and 
temporal muscle and/or fascial 
flaps17’34,39. These flaps do not always
yield good results* Complete closure 
can be achieved in approximately 35- 
70% of cases at the first attempt, de­
pending on the size and site of the 
communications29. Closure generally 
becomes more difficult and the tech­
niques become less reliable when sev­
eral previous attempts at fistula closure 
have been performed. There are several 
disadvantages to these various tech­
niques. Most are two-stage procedures
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and create a donor-site defect, and usu­
ally tissue of different origin, texture, 
and characteristics is used for the repair. 
For example, lingual flaps may cause 
temporary impairment of tongue func­
tion, as well as speech interference, and 
sometimes intermaxillary fixation is 
needed during the healing phase. Free 
microvascularized flaps, such as the ra­
dial forearm fasciocutaneous flap and 
the rectus abdominis myocutaneous
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carried out by one-way ANOVA and analysis 
of covariance; if significant difterences 
between groups were found, Tukey’s multi­
ple comparisons test was used for evaluation
of these differences.
Analysis was performed for the period of 
14-20 weeks of age for 62 cats and for the 
period of 14-24 weeks of age for 52 cats, in
40 cats, the period of 8 weeks after removal 
of the tissue expanders was evaiuated.
Intraobserver and interobserver variability 
tests were performed to check the accuracy 
and reproducibility of the procedures.
Results 
Error analysis
The duplicate measurements at different 
ages showed a mean total error of the 
anterior, middle, and posterior transver­
sal distance measurements of maxi­
mally 0.2 mm. The mean total error of 
the angle measurements was 1.6 . Sur­
face area calculations showed mean 
total errors of 15 mm2 for 2-D surfaces,
25 mm2 for 3-D surfaces, and 17 mm2 
for 3-D -  2-D differences.
On the basis of these results, the ac­
curacy and reproducibility of the meth­
ods were considered to be acceptable.
Effects of the Interventions
Mutual comparison of all groups by 
one-way ANOVA at the age of 20 weeks 
revealed that none of the 2-D para­
meters showed a significant difference 
between the comparable scarred and 
nonscarred groups.
At the age of 24 weeks, the anterior 
transversal distance (ATD) and the left 
lateral angle (LLA) showed significant 
differences between the groups (Table 
la). In groups TSCA and SSCA, ATD 
was significantly smaller than in group 
SEXR LLA was smaller in group 
CONT than in groups TEXP, TSCA, 
and SSCA (Table la).
During the whole expansion period of
10 weeks after insertion of the tissue ex­
pander (Table lb), significant differ­
ences were observed for the increments 
of the variables ATD and LLA. In thé 
TSCA group, there was a smaller incre­
ment of ATD than in the CONT and 
SEXP groups. LLA diminished signifi­
cantly in the CONT and SEXP groups, 
whereas it increased in the TEXP group 
(Table 1 b).
Analysis of covariance showed that 
scarring itself was not decisive for the 3- 
D parameters, surface area, and transver-
Table la. Values at 24 weeks of age
Group 
n=5 2
I
TEXP
71=13
II
SEXP
n=\0
III
TSCA
n-1
IV
SSCA
n- 8
V
CONT
n=14
Pooled
SD
Intergroup
differences
Variable Mean Mean Mean Mean Mean 7><0.05
2-10 PTD 28.90 29/59 29.00 28.40 29.06 0.90
3-9  MTD 22.00 22.74 21.82 21.94 21.78 0.73 —
4-8 ATD 17.87 18.70 17.07 17.44 18.07 0,85 h i , i v < ii
< 2-3 -4  RLA 176.86 175.61 176.36 177.26 175.09 2.46
<10-9-8  LLA 177.75 174.79 176.80 177.60 173.02 2.18 V<l, III, IV
Values in millimeters and degrees, respectively.
Table lb. Increments 14-24 weeks, first 10 weeks after insertion of tissue expander
Group
52
I
TEXP
n=13
II
SEXP
>2=10
III
TSCA
n-1
IV
SSCA
/i=8
V
CONT
;i=I4
Pooled
SD
Intergroup
differences
Variable Mean Mean Mean Mean Mean P<0.05
2-10 PTD 1.22 1.32 1.08 1.25 1.51 0.34 —
3-9 MTD 1.22 1.30 1.02 1.05 1.17 0.26 —
4-8 ATD 0.93 1.12 0.57 0.96 1.13 0.32 HI, II<V
< 2-3 -4  RLA 0.94 -0.63 1.07 0.45 —0.68 1.48 —
<10 9 8 LLA 0.94 -1.05 0.59 -0 .23 - 1.11 1.28 II, V<I
Values in millimeters and degrees, respectively, per month.
Table 2a, Differences in 3-D and 2-D values at 20 weeks of age
Group
«=65
I+1H
TE
n~29
II+IV 
CO 
n= 14
V 
CO 
n= 14
Intergroup
differences
Variable Mean Mean Mean P< 0.05
Surface area 119.07 73.01 44.28 CO<SH  
SH, CO<TE
SD 24.34 18.17 6.70
Transversal distance 4.66 1.68 1.06 SH, CO<TE
SD 1.60 1.17 1.90
Sagittal distance 3.80 1.79 0.71 CO<SH 
SH, CO<TE
SD 0.91 0.81 0.39
Values in millimeters and square millimeters, respectively.
Table 2b. Differences in 3-D and 2-D values at 24 weeks of age
Group 
/î=51
W II
TE
n=20
II+IV 
SH 
n~ 17 11
Intergroup
differences
Variable Mean Mean Mean P<0,05
Surface area 148.12 69.05 52.49 SH, CO<TE
SD 48.49 34.54 17.71
Transversal distance 4.83 1.82 0.52 CO<SH 
SH, CO<TE
SD 2.21 1.71 0.34
Sagittal distance 5.14 1.68 1.34 SH, CO<TE
SD 1.24 0.73 0.59
Values in millimeters and square millimeters, respectively.
sal and sagittal distance. This means that 
pooling of the groups TEXP and TSCA, 
as well as of the groups SEXP and 
SSCA, was allowed, resulting in a group 
TE, consisting of 29 (20) cats, and a 
group SH, consisting of 22 (17) animals.
The three groups TE, SH, and CO (con­
trols, n= 14) were mutually compared by 
one-way ANOVA, and significant differ­
ences, if any, were subsequently ex­
plored by means of Tukey’s multiple 
comparisons test (Tables 2a and b).
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Table 3. Increments in first 4 weeki> after removal of tissue expander
Group
«=41
I
TEXP
«=10
II 
SEXP 
«=7
III
TSCA
«=6
IV
SSCA
«=6
V
CONT
«=12
Pooled
SD
Intergroup
differences
Variable Mean Mean Mean Mean Mean P<0.05
2-10  PTD 0.48 0.56 1.04 0.82 0.56 0.32 I, V<III
3-9  MTD -0 .74 0.42 1.03 0.20 0.50 0.76 I<II, III, V
4 -8  ATD 0.55 0.45 1.74 0.98 0.46 0.46 I, II, IV, 
V<III
< 2 -3 -4
RLA
-5 .04 -0 .45 2.86 -3 .40 1.38 3.13 I<II, III, 
V/IV<III, V
< 1 0 -9 -8
LLA
-4.00 1.01 1.42 0.47 0.30 5.30 —
Values in millimeters and degrees, respectively, per month.
Table 4. Increments in last 4 weeks after removal o f tissue expander
Group
«=41
I
TEXP
«=10
II 
SEXP 
«=6
III
TSCA
«=6
IV
SSCA
n- 6
V
CONT
«=12
Pooled
SD
Intergroup
differences
Variable Mean Mean Mean Mean Mean P<0.05
2-10  PTD 0.48 0.25 0.71 0.38 0.45 0.30
3-9  MTD 0.28 0.37 ' 0.78 0,71 0.55 0.32 I<III
4 -8  ATD 0.13 - 0.02 0.60 0.18 0.25 0.24 I, II, IV, 
V<III
< 2 -3 -4
RLA
0.56 2.26 1.94 3.05 2.14 2.18 —
< 10-9 -8
LLA
0.34 2.07 2.29 3.20 1.38 2.62 —
Values in millimeters and degrees, respectively, per month.
»
Table 5. Increments 8 weeks after removal of tissue expander
Group
«=41
I
TEXP
«=10
II
SEXP
«=7
III
TSCA
«=6
IV
SSCA
«=6
V
CONT
«=12
Pooled
SD
Intergroup
differences
Variable Mean Mean Mean Mean Mean P<0.05
2-10  PTD 0.48 0.40 0.86 0.59 0.50 0.19 i, ii, v<m
3-9  MTD -0.23 0.39 0.90 0.45 0.52 0.39 I<H, III, 
IV, V
4-8  ATD 0.34 0.22 1.16 0.58 0.36 0.25 I, II, IV,
v<in
< 2 -3 -4
RLA
- 2.22 0.90 2.40 -0.37 1.75 1.97 I<I1, III, V
< 10-9 -8
LLA
-1.81 1.53 1.76 1.82 0.83 2.68
Values in millimeters and degrees, respectively, per month.
The effects of tissue expansion on the 
soft tissues were represented by the dif­
ferences between 3-D minas 2-D* data: 
surface area, transversal distance, and 
sagittal distance.
At the age of 20 weeks, the pooled 
groups TE, SH, and CO were statisti­
cally different for the 3-D -  2-D surface 
area and the 3-D -  2-D transversal and 
sagittal distances (Table 2a). The values 
were highest in the TE group, and low­
est in the CO group. Only the transver­
sal distance in the the SH group was not 
significantly different from the CO 
group.
At the age of 24 weeks, analogous 
findings could be observed; however, 
the SH and CO groups were then statis­
tically different for the 3-D -  2-D trans­
versal distance, and not for the 3-D -  2- 
D surface area and sagittal distance (Ta­
ble 2b).
The increments during the initial 4 
weeks after removal of the tissue ex­
pander showed significant differences 
between the groups for all parameters 
except LLA (Table 3). The transversal 
distances in group TSCA were always 
increasing faster than in group TEXP. 
The same phenomenon was found dur­
ing the last 4 weeks of the 8-week pe­
riod after removal of the tissue expander 
for the parameters MTD and ATD (Ta­
ble 4). The increments during the whole 
period of 8 weeks after removal of the 
tissue expander were analogous to the 
situation 4 weeks after removal of the 
tissue expander (Table 5). The group 
TEXP seemed to be the slowest growing 
group on all three transversal distances, 
and the group TSCA the fastest (Table
5).
Soft-tissue surface-area gain was de­
fined as the difference between 3-D -  2- 
D surface area in the TE group minus 
the 3-D -  2-D surface area in the CO 
group. The gain could be quantified as 
66% of the base surface of the hemi­
spheric tissue expander (r=6 , rcr2= 113 
mm2) at the age of 20 weeks, and 85% 
at 24 weeks. If related to the base dia-
■
meter of the tissue expander (d=12 
mm), total increments of 36% and 32%, 
in transversal and sagittal directions, re­
spectively, could be reached.
Discussion
The present study aimed to evaluate the 
possibilities and effects of tissue expan­
sion in the palatal mucoperiosteum in 
growing cats, With and without pre­
existing scars, using a hemispheric tis­
sue expander 12 mm in diameter and 6 
mm in height with an external filling 
port.
Palatal TE may interfere with food 
intake by mechanical hindrance and ex­
pansion-related discomfort, which is re­
ported to occur during and shortly after 
inflation10. To monitor this possible ef­
fect, the weight gain was carefully re­
corded on a weekly basis, and no detri­
mental effects were found.
Complications of TE in the head and 
neck area were reported first by M a n - 
d e r s  et al.23 in 1984, and later by A n - 
t o n y s h y n  et al.2. Complication rates 
vary from 0 to 69%, depending on sur­
geon, time, technique, and anatomic 
site. Most authors report high complica­
tion rates early in their experience, with 
a subsequent decrease. Complication 
rates in the present study varied from 20 
to 25%, depending on the group and the 
initial filling of the expander. Erosions, 
necrosis of the soft tissues, leakage, and 
extrusions of the expander were the 
most common complications and were 
seen mainly in the scarred-tissue 
groups.
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In order to check the validity of the 
TE technique in scarred tissue, as is usu­
ally present in CLP situations, we per­
formed a modified Langenbeck 
operation20 to induce palatal scars. The 
dentomaxillary anatomy and the effects 
of simulated Langenbeck surgery in 
dogs are well documented22,44,45, and are 
assumed to be virtually the same for 
cats15,16,42. The most prominent growth 
disturbances due to this type of surgery 
were found in the transverse dental arch 
measures. The present study revealed no 
significant influence of the simulated 
Langenbeck surgery on the parameters 
in the transversal plane until the age of
20 weeks. As a consequence, the Lan­
genbeck and non-Langenbeck groups 
were pooled for that period. Initially, 
there were only a few significant differ­
ences in the transversal distances. How­
ever, in time, the differences became
a
significant in the anterior palatal region, 
indicating a continuous influence of the 
combination of modified Langenbeck 
operation and TE.
TE caused a significant increase in 
the palatal soft-tissue surface area, as 
was expected. It yields a temporary tis­
sue gain of approximately 85% of the 
base surface of a hemispheric tissue ex­
pander after 8 weeks of active expan­
sion. In the literature, tissue gain was in­
itially related to the base dimensions of 
the tissue expander, and authors recom­
mend that the expander base area be 1-  
2.5 times the size of the defect to be 
closed33,36,40. There is a wide range of 
percentages of area increase, varying 
from 12.5 to 110%, based on either esti­
mation, measuring, or calculation. 
Theoretically, a 100% area gain can be 
reached if a hemispheric tissue expander 
is used (surface of hemisphere minus 
surface of circle, divided by the surface 
of the circle: Inr2 -  n r in r 2 = 1). v a n  
R a ppa r d  et al.40 and S h iv e l y 33 used dif­
ferent mathematic formulas for the ex­
pected gain, and concluded that area 
gain is a function only of the height of 
the expander and not of its base dia­
meter. In vivo, van  R a p p a r d  was able to 
realize a surface area increase of 25- 
38% of the mathematically expected 
area gain (depending on the shape and 
height of the tissue expander). The find­
ings in this study for soft-tissue gain in 
transversal and sagittal directions (36% 
and 32%, respectively) are rather favo­
rable, corresponding to data found by 
N o r d s t r o m  &  D e v in e  (1985) (39% and
27%) and V a n d e r K o l k  et al. (1987)
(45% and 30%)36.
Palatal surgery and TE cause some 
adverse side-effects in the bony palatal 
and dentoalveolar structures. The ante­
rior transversal distance increment was 
significantly smaller in the TE in scar- 
tissue situation than in the sham expan­
sion and control groups, if the whole ex­
pansion period was considered. How­
ever, after removal of the tissue ex­
pander, significantly increased growth 
of almost all parameters took place in 
the TSCA group.
The differences between the left and 
right lateral angles may be related to the 
fact that the filling tube was located on 
the left side in all cases. An explanation 
may be found in the formation of scar 
tissue after the small buccal incision and 
tunneling of the mu coperiosteum, with 
possible deterioration of the lateral 
growth at one side.
In the first 4 weeks after removal of 
the tissue expanders, nearly all para­
meters in the experimental expansion 
without scar group were smaller than in 
the expansion with scar group, and 
some were less than the control values.
The effects after removal of the tissue 
expander were less pronounced in the 
second period of 4 weeks than in the 
first. In general, the growth increments 
of the cats decreased with age. However, 
significant differences in increments re­
mained over the total period of 8 weeks, 
indicating a prolonged effect.
It can be concluded that TE of the 
palatal mucoperiosteum is quite possi­
ble in young cats, with and without 
scars of the palatal tissues. The soft- 
tissue gain, as quantified by this method 
of morphometric analysis, was related 
to the base surface and base diameter of 
the tissue expander, being 85%, 36%, 
and 32% for surface area increase, and 
transversal and sagittal distance incre­
ments, respectively. The effects on 
growth and development comprised 
mainly retardation of transversal growth 
of the dento alveolar structures at the an­
terior palatal level, probably caused by 
traction of the soft tissues overlying the 
subperiosteally located tissue expander. 
In the TSCA group, these effects were 
temporary, since there was accelerated 
growth in the area after removal of the 
tissue expander.
Future his to morphologic analysis 
will probably afford more insight into 
tissue reactions, and cellular and inter­
cellular matrix responses to tissue ex­
pansion, allowing us to explain the ce- 
phalometrically and morphome trie ally 
detected phenomena.
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